Introduction: Severe postpartum hemorrhage (PPH) is the main cause of death in Tunisia. Its management is multidisciplinary and requires perfect knowledge of a regularly updated protocol and consistent with available resources. We propose an evaluation of the impact of different therapeutic attitudes, in particular the combination of tranexamic acid and fibrinogen concentrates in the management of this hemorrhage. Material and Methods: This was a retrospective, descriptive and analytical study, conducted in the departments of Gynecology-Obstetrics and Surgical Resuscitation anesthesia of the Farhat Hached University Hospital, Sousse, Tunisia. The study was conducted over six years (2009)(2010)(2011)(2012)(2013)(2014), and included all parturients who were treated for severe PPH that occurred on a term greater than 24 weeks of amenorrhea. Patients were divided into two groups according to the study period: 1) Group 1 (G1): from 1 January 2009 to 31 December 2011, 2) Group 2 (G2): from January 1, 2012 to December 31, 2014, a group that benefited particularly from the combination of tranexamic acid and fibrinogen concentrates for the management of their PPH. Results: 166 patients were included: 57 in G1 and 109 in G2. The overall incidence of severe PPH was 3.15/1000 deliveries. We noted a significant decrease in the fall of hemoglobin in per and post haemorrhagic manifestations in favor of G2 with a p value of 0.003 and p = 0.025, respectively. The use of blood transfusion decreased significantly, in frequency and in number of packed red cells per patient, between the two groups; transfusion ratio was 1/1.7/1.5 for G1, and 1/2/1.8 for G2. Fluid therapy, use of macromolecules and catecholamines were less important in G2. The use of tranexamic acid, fibrinogen and the association of both increased significantly between the two groups (p < 10 ) in G2. Conclusion: The management of PPH has evolved over the years. The use of tranexamic acid in association with fibrinogen concentrates had proved his interest.
Introduction
Postpartum haemorrhage (PPH) remains a public health problem in the world and in Tunisia. Its severity criteria are not consensual in the literature; classically, they associate: a blood loss greater than 1500 mL, deglobulization of more than 4 g/dL or a transfusion of at least 4 red blood cells [1] . This severity can also be appreciated on the basis of the only therapeutic consequences that it entails [2] .
The management of PPH in particular severe is necessarily multidisciplinary, and requires the perfect knowledge of a regularly updated protocol, accessible at all times and consistent with the resources available in our context.
To study the evolution of our methods of management of severe PPH, we conducted this retrospective study, and we set ourselves the main objective of evaluating the impact of different therapeutic attitudes on maternal morbidity and mortality, and particularly the contribution of the combination of tranexamic acid and human fibrinogen, by analyzing the approaches applied, both medical and obstetric, to severe HPP. Our research question was: is there a proven interest in associating tranexamic acid with fibrinogen concentrates in the management of severe PPH?
Materials and Methods
This was a retrospective, descriptive and analytical study, conducted at the Farhat Hached University Hospital Center in Sousse, Tunisia, in the departments of Gynecology-Obstetrics and Surgical Resuscitation and Anesthesia. The study period was six years, from 01.01.2009 to 31.12.2014 . Included were all women who gave birth, either vaginally or by caesarean section, in our maternity or who were transferred from another maternity and had severe PPH occurring over a period of more than 24 weeks of amenorrhea.
The criteria for the definition and severity of PPH were those of the National Exclusion criteria included patients with a history of constitutional or acquired hemostasis disorders, and those on anti-vitamin Ktreatment, heparin or platelet aggregation inhibitors.
To highlight the value of the tranexamic acid/fibrinogen association in reducing the morbidity and mortality involved by severe PPH, our patients were divided into two groups: -Group 1 (G1): from 1 January 2009 to 31 December 2011, -Group 2 (G2): from 1 January 2012 to 31 December 2014, a period characterized by systematic use of tranexamic acid in combination with fibrinogen concentrates for the management of haemorrhage. The two groups were compared against anthropometric data, pregnancy course, delivery course, risk factors for PPH occurrence, HPP etiology, PPH clinical-biological manifestations, medical treatments and surgical implemented, morbidities post HPP and secondary to its management and maternal mortality.
For statistical analysis, averages were compared using the student's t-test. The Mann-Whitney test was used when the validity conditions were not verified. Comparisons of qualitative variables between the two groups studied were made by Chi2 tests or exact Fisher tests, and comparisons of distributions of quantitative variables by analysis of variance (ANOVA). The significance threshold chosen for all the statistical analyzes was 0.05.
The ethical approval of the committee of Farhat Hached University Hospital of Sousse,Tunisia was taken for this study.
Results
During the study period, the overall incidence of PPH between 2009 and 2014 We excluded twenty-nine non-exploitable files (15.6%). Ten patients were transferred to our center for additional management of severe PPH: five of these patients belonged to the first group and five to the second group. Figure 1 represents our study chart flow.
The two groups did not differ significantly from the anthropometric data and the theoretical risk factors for PPH: advanced maternal age (greater than 35 years), multiparity, previous cesarean section, gestational age at the time of delivery, main pregnancy pathologies and history of PPH. The main characteristics of the study population are summarized in Table 1 . Of the preeclamptic patients, none had HELLP syndrome or acute hepatic steatosis.
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There was no significant difference between our groups according to the mode of delivery (p = 0.975). For patients who gave birth vaginally (45.60% in G1, 45.90% in G2), there was no significant difference regarding the use of induction and work direction, the use of instrumental help (forceps) and practice an episiotomy. The rate of emergency caesareans in the general population was 65.5%: 67.7% for G1 and 64.4% for G2, with p = 0.591.
Abnormal bleeding and uterine atony were the most common obstetric manifestations. This atony was significantly greater in G2 (40.4% for G1 and 63.3% for G2, p = 0.05). Haemodynamic alterations were less frequent with no difference between the 2 groups and whatever the mode of delivery.
Concerning the etiologies of hemorrhage, primary atony was the first cause retained (90 cases, 54.2%). It was secondary in 26 cases (placenta accreta in 3 cases, uterine retention in 2 cases, uterine rupture in 1 case, tear of the cervix and/or vagina in 18 cases and wide episiotomy in 2 cases). No significant differences were noted between the two groups regarding the etiologies of PPH.
Management's delay of PPH was less than 30min for 40% of patients with no significant difference between the 2 groups (p = 0.423). The averages of this delay were 30.42 ± 47min and 40.68 ± 87min respectively in G1 and G2.
The conditioning was according to the norms for all patients. Invasive monitoring of blood pressure was performed in 19 patients of G1 and 30 of G2, and central venous cath in 10 patients of G1 and 13 of G2. Also, the use of labile blood products was significantly lower in G2 (p = 0.002). The parturient rate transfused was 93% in G1 and 72.5% in G2. Therefore, we noted a decrease over the years in the number of packed red blood cells Oxytocin was used exclusively in 33.3% patients of G1 and 26.6% of G2.
Maximum doses used were 40 IU with a median of 30 IU. Sulprostone was used in 66.7% and 73.4% respectively in G1 and G2.
Catecholamines were used in 17.5% for G1 and 11.9% for G2. The doses were significantly higher in G1 with an average of 2.5 mg ± 0.25 in G1 and 1 mg ± 0.14 in G2 (p = 0.049).
For obstetric management, the surgical procedures used were statistically comparable between the 2 groups. The use of hysterectomy for haemostasis was significantly less important in the 2nd group (23 cases or 21.1% in G2 versus 28 cases or 49.1% in G1, p < 10 −3 .
About evaluation of blood loss, the mean values of hemoglobin at nadir (6.23 ± 1.56 g/dl for G1, 7.31 ± 2.09 for G2, p = 0.003), the lowest hemoglobin values, in per and post hemorrhagic manifestations were significantly lower in the 1st group. Mean deglobulization was 3.7 ± 1.7g/dl in G1 and 2.8 ± 1.9 g/dl in G2, with a significant difference between the two groups (p = 0.012).
So, we noted a decrease in the use of blood transfusion and hemostasis hysterectomy with increasing use of antifibrinolytics and fibrinogen simultaneously (tranexamic acid + fibrinogen association) (Figure 3 ).
Regarding the consequent morbidity, 31.6% of G1 patients had one or more complications versus 19 .3% of G2. A secondary hemodynamic failure to the PPH and requiring recourse to catecholamines beyond 6 hours after surgery was observed in 19.3% of G1 patients versus 1.8% of G2 (p = 0.027). Mechanical ventilation was required in 15.8% of G1 patients and 11% of G2. The duration of hospitalization in intensive care unit was 2.7 days on average with a maximum of 23 days. There was no significant difference between the two groups in terms of length of hospital stay (p = 0.121). An increase in blood creatinine was noted by 3.5% of G1 patients and 5.5% of G2. This was not case of extracorporeal treatment.
Complications related to transfusion were 7% in G1 versus 1 About mortality, we recorded five deaths, including three in G1 and two in G2 without significant difference (p = 0.22). Four of the deceased were patients who were transferred from peripheral maternity, and whose cause of death was a multi-visceral failure syndrome secondary to hemorrhagic shock. The fifth death was due to a septic shock occurring on the 21st day of hospitalization.
Discussion
Postpartum hemorrhage (PPH) severity criteria vary in the literature: blood loss greater than 1500 ml, fall in hemoglobin of more than 4 g/dl or need to transfuse [5] , hemorrhagic shock, use of invasive techniques, need for transfer to the intensive care unit, and finally maternal death [6] . All parturients of our series had presented at least one criterion of severity among the evoked ones.
The study we conducted concluded that the mean incidence of severe PPH was 3.15/1000 deliveries, and our analysis showed an increase in the incidence of severe PPH from 2.3/1000 deliveries (2009-2011) to 3.8/1000 deliveries (2012-2014).
Several studies have reported a recent increase in the incidence of PPH [7] [8].
Our study showed no significant differences between the two groups in terms of PPH risk factors. However, there is a tendency for recrudescence of placental insertion abnormalities in recent years. For cesarean section, its urgency, the need for general anesthesia and a vertical incision are recognized as risk factors for PPH [9] [10]. The use of oxytocin for induction and/or management of obstetric labor could also be provider of uterine inertia and PPH [11] [12] .
In accordance with the literature [13] [14] , uterine atony, whether primary or secondary, was the first etiology of severe PPH in our series (70% of cases).
The management of severe PPH is multidisciplinary involving obstetrician, anesthesiologist, radiologist and blood-biologist. It must be fast, aggressive and organized.
Our analysis places special emphasis on the increased use of human fibrinogen and tranexamic acid and particularly together in association. Indeed, a severe
PPH is often associated with coagulopathy by a triple mechanism: loss of coagulant proteins by bleeding, their consumption and dilution by vascular filling. Fibrinogen is the first factor of coagulation to subside during hemorrhagic shock [15] . Low fibrinemia at the beginning of PPH has been shown to be a strong predictor of its progression to severity. Charbit et al. [16] have shown in a prospective and multicentric study of 128 parturients that a cut-off rate of 4 g/L was 74% sensitive and 65% specific. Thus, a fibrinemia rate > 4 g/L has a negative predictive value of progression to severity at 79% and a rate < 2 g/L has a positive predictive value at 100%. They also demonstrated that only fibrinemia was a predictor independent of severity [16] . These same results were confirmed by Cortet et al. [17] in a prospective and multicentric study including 738 parturient patients suffering from PPH after vaginal delivery. They found that a fibrinogen level between 2 -3 g/L increased the risk of severity by 2 (OR = 1.9) and that a rate < 2 g/L by 12 (OR = 11.99) [17] .
Currently, no obstetric study can determine the amount of fibrinogen to administer. The US and UK guidelines recommend the administration of human fibrinogen from a threshold of 1g/L of serum fibrin [18] [19] . The European recommendations [20] initially proposed to prescribe 3 to 4 grams then to re-administer according to the biological evolution.
Our study shows a significant difference in favor of the 2nd group as regards the administration of human fibrinogen (p < 10
) with a mean dose per patient of 2.25 g and extremes ranging from 1 to 5 g. Our average doses were slightly lower than the recommendations but no study can guide us on the optimal dose.
Tranexamic acid is an antifibrinolytic agent. It is a synthetic analogue of lysine, a competitive inhibitor of plasmin and plasminogen, and thus inhibits fibrinolysis and reduces bleeding [21] . The value of this product has been proven outside the obstetrical area [22] [23] [24] , but its use has also been proven in obstetrics. It has been used both to prevent the occurrence of PPH during delivery and also for treatment [21] [25]- [32] . Our study shows that we are using this molecule more and more with a significant difference between the two groups (p < 10 −6 ). Doses used were close to 2 g per patient: 1 g over 10 minutes and 1 g over 6 hours. Our extreme doses were 1 to 4 g. No recommendation is yet made as to the modality and the dose of the administration of tranexamic acid. The use of tranexamic acid in association with fibrinogen concentrates appears to be interesting. No study has sought to demonstrate the potential benefit of simultaneous administration of these two molecules. In our series, the use of this association is significantly greater in the 2nd group (p < 10 −4 ). The frequency of use of this association increases to the employment profile of either one separately.
For the surgical management, a net decrease in hemostasis hysterectomy is noteworthy. Hysterectomy indications for haemostasis include failure of conservative treatment, major uterine disruption (irreparable uterine rupture) and extensive placenta accreta. Our series is comparable to international findings with a significant reduction between the two groups (49.1% versus 21 .1%, p < −3
). This could have a multifactorial explanation: a better knowledge of the pathology and its imperatives, a better management by the obstetrical team, a more intensive and early resuscitation associated with the significantly increased addition of human fibrinogen and tranexamic acid [33] .
Limitations of the Study
Our study remains a retrospective study. We tried to be the most exhaustive possible in the selection of files by crossing several sources. We hypothesize that the treatments reduced incidence of severe PPH. It is possible, however, that 2nd population group should be better taken care of initially, or by greater and faster presence of resuscitating anesthetist doctors and gynecologists obstetricians, or by other factors without us being able explain.
Conclusion
Severe PPH remains a real public health problem in Tunisia and in the world. Its management has evolved over the years. Better management of fluid therapy, the addition of fibrinogen and tranexamic acid and changes in blood transfusion policy allowed a saving blood products and a reduction in hemostasis hysterectomies. The use of tranexamic acid in association with fibrinogen concentrates had proved his interest.
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